INTRODUCTION
============

Diabetes education and lifestyle modification are critical for controlling blood glucose levels in people with type 2 diabetes \[[@B1]-[@B4]\]. Diabetes self-management education leads patients to optimise metabolic control, prevent and manage complications, and improve their quality of life in a cost-effective manner \[[@B5]\]. People with diabetes need to adopt behaviors that help them actively engage in self-managing their diabetes. Generally, patient education is regarded as an important treatment modality for type 2 diabetes mellitus, and the beneficial effects of education have been demonstrated in terms of improved glycemic status, improved self-care, reduced amputation risk, increased well-being, and reduced cardiovascular disease (CVD) risk factors in short-term follow-up prospective studies \[[@B6]-[@B10]\]. Recently, a 4-year study demonstrated that intensive lifestyle intervention could produce sustained weight loss and improvement in CVD risk factors in type 2 diabetes patients \[[@B11]\].

We have previously reported the long-term beneficial effects of structured intensive diabetes education programs on glycemic control and lifestyle changes. We found that regular and sustained reinforcement with encouragement is required to maintain optimal metabolic control and to compel patients to maintain better physical activity frequency, dietary habits, and self-monitoring of blood glucose (SMBG), especially in insulin-treated type 2 diabetes patients \[[@B12]\]. Therefore, emphasis should be placed on supporting patients in effective self-management and on the concomitant use of hypoglycemic agents. This should be accomplished through patient education provided by professional health care providers.

Diabetes is typically a progressive chronic disease, and chronic illness is often emotionally stressful, leading to both physical and psychological fatigue. Patients with chronic illness realize that they should adhere to strict lifestyle modifications and fear the development of complications following the diabetes diagnosis. There are several stress factors in a diabetic patient\'s daily life that can eventually lead to burnout symptoms \[[@B13]\]. Burnout might influence the clinical outcome or self-care behaviors of patients with type 2 diabetes, and the severity of these symptoms may depend on the duration of diabetes. However, prior to this study, available data on the effectiveness of education on self-care behaviors with respect to the duration of diabetes have been limited. If the effect of diabetes education on self-care behaviors differs with respect to diabetes duration, the education curriculum should be individualized, or reinforcement should be focused on particular patient groups.

The objective of this study was to investigate whether active intervention with a diabetes education program for lifestyle modifications influences the clinical outcomes for type 2 diabetes patients with respect to diabetes duration. The primary outcome was the patient\'s adherence to lifestyle modifications and maintenance of self-care behaviors, and the second outcome was the glycemic control status after approximately 3 years.

METHODS
=======

Patients
--------

People with type 2 diabetes who had not received any previous, systematic diabetes education were continuously recruited from the university-affiliated diabetes center of St. Vincent\'s Hospital between January 2007 and December 2008. To investigate the effect of diabetes duration on the effectiveness of diabetes education, we divided the patients into two groups: those who had less than 1 year of diabetes duration before diabetes education (≤1Y, recently diagnosed patients) and those with more than 3 years (≥3Y) of diabetes duration prior to education. We excluded patients whose diabetes duration was between 13 and 24 months so as to classify the patients into two distinct groups.

Patients were excluded if they were older than 70 years of age, mentally ill, unable to undertake the recommended physical activity, did not agree to join the education program, or had any severe medical illnesses, such as sepsis, severe infection, hypoglycemia, or shock. Written informed consent was obtained from all participants. Approval from the St. Vincent\'s Ethics Committee was given.

Structured diabetes education program
-------------------------------------

We developed and set-up an intense, collaborative diabetes education program based on the Bucharest-Dusseldorf study and the Diabetes Prevention Program (DPP) \[[@B14],[@B15]\]. The program was designed for group education, consisted of 5 to 10 patients per team, and was conducted on an outpatient basis. The education team was run by a diabetologist, certified diabetes educators, including a nurse and a dietician, a psychologist, and a family medicine doctor. The curriculum lasted approximately 6 hours per day. The curriculum was covered during five sessions to provide an understanding of diabetes mellitus and to teach participants how to use the glucometer and self-monitoring of glucose levels, injection techniques, sick-day care, meal planning, physical activity, foot inspection, and how to manage hypoglycemia. The educational techniques were patient-centered and involved goal setting and situational problem solving methods in a face-to-face setting. The patients were encouraged to actively interact with the provider in each session.

The diet education program was designed using the DPP and the Food Pyramid guidelines as references \[[@B16],[@B17]\]. The curriculum was structured to address the knowledge, skills, and attitudes that would encourage, support, and promote self-management skills leading to long-term behavior maintenance, including diet habits, food choice, diet planning, and physical activity. We made each session a hands-on experience, such as SMBG and diet choice in a lunch buffet in front of a dietician. The family members of participants were invited to attend the program.

All of the participants with diabetes were followed-up 2 weeks after program completion and every 3 months thereafter on an outpatient basis. When the patients visited the outpatient clinic, the physician reviewed their SMBG data and lifestyle behaviors by asking questions and encouraged the patients to maintain their improved lifestyle behaviors. Based on these data, the physician adjusted their dosage of hypoglycemic agents and made appropriate suggestions. If a patient did not visit our clinic for any reason, the education nurse tried to contact the patient by telephone or e-mail.

For reinforcement, all of the participants were invited to attend reinforcement education annually. Re-education comprised a single session lasting approximately 3 hours, which included a review of self-management and the presentation of new topics, such as diabetes complications, obesity, and dyslipidemia ([Table 1](#T1){ref-type="table"}).

Measurements
------------

Blood pressure, body weight, and blood glucose levels were measured at each visit. Hypertension was defined as a systolic blood pressure of at least 140 mm Hg, a diastolic blood pressure of at least 90 mm Hg, or a history of treatment of hypertension. The fasting blood glucose (FBS) level was measured annually, and glycated hemoglobin levels (high-performance liquid chromatography method; reference range 4.4% to 6.4%; Bio-Rad, Montreal, Quebec, Canada) were checked 2 or 3 times per year. Screening for microalbuminuria was performed by measuring the albumin-to-creatinine ratio in a random spot collection \[[@B1]\]. Diabetic retinopathy was assessed from retinal photographs at baseline, and the findings were reviewed by an ophthalmologist. The outcomes were the mean value and changes in the A1C after education ([Table 1](#T1){ref-type="table"}).

Dietary habits, physical activity, and the frequency of SMBG were evaluated using a questionnaire before education and at the follow-up endpoint. Each parameter was scored using a five-point scale based on the average status of the individual during the prior 6 months, using the following criteria \[[@B12]\]: A. Dietary habits (\"How well do you follow your recommended meal plan?\"). 1) irregular diet with unlimited snacks; 2) irregular with intermittent snacks; 3) appropriate meal calories, regular diet with some snacks (\>2 times/day or \>300 kcal/day of excess intake); 4) appropriate meal calories, but a few snacks (≤1 time/day, or 100 to 300 kcal/day of excess calorie); 5) tightly controlled, with no intermittent snacks; B. Physical activity (\"How often do you undertake at least 20 minutes of physical activity, equivalent in intensity to brisk walking?\"). 1) never; 2) \<30 min/wk (weekly); 3) \<60 min/wk (1 to 2 times per week); 4) \<120 min/wk (3 to 4 times per week); 5) daily, \>150 min/wk; C. SMBG frequency (\"How often do you check your glucose levels?\"). 1) never; 2) monthly; 3) weekly; 4) 3 to 4 times/wk; 5) ≥daily \[[@B18]\].

Statistical analysis
--------------------

We used SPSS version 11.5 (SPSS Inc., Chicago, IL, USA) for the statistical analysis, with a 0.05 level of significance. Clinical characteristics and parameters were expressed as the means±standard deviations or numbers (percentages). A χ^2^ test was performed to test for differences between the proportions of the variables, and a *t*-test was performed to evaluate the differences between the means of two variables. In particular, we compared the patients\' compliance with diet, SMBG, and physical activity using a χ^2^ test and weighted the data using least-square methods to discern trends. Multiple logistic regression analysis was used to investigate the effect of diabetes duration before education on appropriate diabetes control during the study period (a mean A1C level of less than 7.0%). Variables with *P* values \<0.25 in the univariate test were selected as covariates for the multivariate model.

RESULTS
=======

Clinical characteristics and behavioral outcomes before education
-----------------------------------------------------------------

After pre-screening, 225 people with type 2 diabetes (101 male and 124 female) were enrolled in this study. The mean age and diabetes duration of all of the patients were 51.6±10.1 years and 3.5±5.4 years, respectively. One hundred and ninety-five (86.7%) patients were followed up at the endpoint, and their mean follow-up time was 32.2 months ([Fig. 1](#F1){ref-type="fig"}).

We divided the patients into two groups based on the duration of their diabetes diagnoses before participating in the diabetes education (≤1Y \[*n*=135\] vs. ≥3Y \[*n*=90\]). The mean ages and diabetes durations of the patients were 50.2±10.6 years and 0.36±0.3 months, respectively, for the ≤1Y group, and 53.6±8.9 years and 8.5±5.0 years, respectively, for the ≥3Y group. Descriptive characteristics of the study patients, including age, sex, duration of diabetes, body mass index (BMI), and laboratory status, are summarized in [Table 2](#T2){ref-type="table"}. Age, duration of diabetes, and the percentage of patients with diabetic retinopathy were all significantly higher in the ≥3Y group.

Behavioral outcomes after education
-----------------------------------

Before education, self-care behaviors, including the frequency of SMBG (*P*=0.937), physical activity (*P*=0.256), and dietary habits (*P*=0.575), were not different between the ≤1Y group and the ≥3Y group ([Fig. 2A](#F2){ref-type="fig"}). Before completing the education program, only 51 (22.7%), 82 (36.4%), and 15 (6.7%) patients had scores greater than or equal to four for dietary habits, physical activity, and SMBG, respectively.

After the structured education program with regular reinforcement for approximately 3 years, the scores of all three items showed a remarkably improvement in all of the patients. Dietary habits, physical activity, and SMBG scores were greater than four or equal to four in 109 (55.9%), 113 (57.9%), and 99 (50.8%) patients, respectively. However, there were significant differences between the ≤1Y and ≥3Y groups in the adherence to self-care behaviors at the follow-up endpoint. The adherence to dietary habits (*P*=0.004) and physical activity (*P*\<0.001) was significantly more sustained in the recently diagnosed patients. However, the SMBG scores did not differ between the two groups (*P*=0.096) ([Fig. 2B](#F2){ref-type="fig"}).

A multiple logistic regression analysis revealed that a longer diabetes duration before education was significantly associated with a mean A1C level greater than 7.0% (53 mmol/mol) during the follow-up period (≥3Y vs. ≤1Y; odds ratio, 3.361; 95% confidence interval, 1.664 to 6.787; *P*=0.001) after adjusting for age, BMI, hypertension, smoking habits, alcohol consumption, presence of retinopathy or microalbuminuria, diabetes medication, A1C, dietary habits, physical activity, and frequency of SMBG in the baseline assessment ([Table 3](#T3){ref-type="table"}). In this study, the duration of diabetes was an independent risk factor for an unsuccessful glycemic control status even after structured diabetes education with regular reinforcement.

Glycemic control in both groups for 3 years
-------------------------------------------

The A1C levels before the education program were not different between the two groups ([Table 1](#T1){ref-type="table"}). Six months after the education program, the A1C levels were remarkably decreased from baseline values in both groups (≤1Y vs. ≥3Y group, -2.64µ2.3 vs. -1.93µ1.7 percentage points, respectively; *P*\<0.005 with respect to the baseline level in each group; *P*=0.065 between groups at 6 months). The mean A1C value during the study period was significantly lower in the ≤1Y group than in the ≥3Y group (7.04µ1.2% vs. 8.16µ1.6% \[53µ10 mmol/mol vs. 65µ6 mmol/mol\], respectively; *P*\<0.005) ([Fig. 3A](#F3){ref-type="fig"}). Sixty-two (45.9%) of the ≤1Y group members and 15 (16.7%) of the ≥3Y group members reached the target A1C level (mean A1C ≤7.0% \[53 mmol/mol\]) during the follow-up period. The mean A1C levels that were measured every 6 months were significantly lower in the recently diagnosed patients throughout the observation period ([Fig. 3B](#F3){ref-type="fig"}).

DISCUSSION
==========

In this study, we investigated whether the effectiveness of a structured diabetes education program was influenced by diabetes duration. Our results suggest that people with type 2 diabetes mellitus who had experienced a longer diabetes duration before participating in diabetes education showed lower adherence to physical activity frequency and dietary habits, as well as elevated mean A1C levels, even after intensive diabetes education, as compared to the more recently diagnosed patients.

A qualified education program is likely to be a cost-effective intervention for patients with type 2 diabetes mellitus. Diabetes self management education improves metabolic control, prevents and manages complications, and maximizes quality of life in a cost-effective manner \[[@B10],[@B19]\]. We have previously reported the long-term effectiveness of a structural diabetes education program in patients with type 2 diabetes mellitus \[[@B12]\]. We experientially determined the importance of a well-designed program and regular reinforcement; therefore, in this study we emphasized a collaborative approach and regular reinforcement. As the short-term and long-term benefits of structured diabetes education programs have been clearly demonstrated, we investigated whether the duration of diabetes before education would influence glycemic control status or lifestyle behaviors in this study.

We found that lifestyle behaviors, including dietary habits, physical activity, and SMBG, were remarkably improved after the education program. Moreover, the adherence to dietary habits and physical activity was significantly more sustained in recently diagnosed patients following the structured education program with regular reinforcement for approximately 3 years. In this study, 58.5% of patients exercised for more than 120 minutes per week, and 44.1% maintained good diet habits. However, in spite of the structured education program and reinforcement, the duration of diabetes prior to education significantly influenced the adherence to self-care behaviors and glycemic outcome. We found that the program was more effective in people with type 2 diabetes who had been diagnosed less than 1 year prior to the start of the education program, and the mean A1C levels measured every 6 months were significantly lower in recently diagnosed patients throughout the observation period. Therefore, diabetes education should be delivered as soon as possible after a diagnosis of type 2 diabetes mellitus. Moreover, somewhat different strategies appear to be necessary for patients with a longer diabetic duration to achieve meaningful diabetic education.

Diabetes is a largely self-managed disease that has a major psychosocial impact on the lives of patients. Even for those who are very adherent to self-care behaviors, they are under the constant threat of severe and devastating diabetic complications or bothersome symptoms throughout their lives \[[@B13]\]. Burn-out is an unfavorable consequence of long-term stress, and this psychological reaction is thought to increase the risk for the development of a permanent physical exhaustion syndrome \[[@B20],[@B21]\]. Asberg et al. \[[@B21]\] and Lindstrom et al. \[[@B22]\] defined burn-out as a combination of emotional fatigue, physical weakness, and cognitive symptoms. Patients with type 2 diabetes are under stressful conditions related to lifestyle modifications or glycemic control throughout their lives; however, burn-out in patients with type 2 diabetes, either emotionally or physically, has not been thoroughly studied. A recent study has shown that diabetes-related stress is significantly correlated with a longer diabetic duration and an uncontrolled glycemic status \[[@B23],[@B24]\]. Diabetic patients were usually stressed about the future and the possibility of serious complications and were frightened when they thought about the difficulties of living with diabetes \[[@B23]\]. Therefore, to maintain patients\' self-care behavior, a diabetes educator needs to take into account various social, emotional, and psychological factors, in addition to their clinical situation.

There are some limitations of our study. First, as the diabetic duration increases, pancreatic β-cell function gradually decrease; this decrease in β-cell function might affect the mean A1C results. Diabetic treatments were significantly different between the two groups. A greater number of patients with a longer diabetes duration used insulin or oral hypoglycemic agents to control their diabetes. Second, validated research tools to estimate psychological, physical, and behavioral symptoms of clinical burn-out should be used to define the influence of diabetic burn-out on self-care behaviors. Our future research will address this question. Third, changes in lifestyle behavior can be influenced by other factors, such as educational status or the presence of a job. However, according to our previous report, socioeconomic status, marital status, family history of diabetes, or the presence of a job did not have an influence on the lifestyle behaviors \[[@B25]\].

In conclusion, we found that a longer duration of diabetes resulted in a lower adherence to self-care activities and poorer glycemic control. We demonstrated that intensive diabetes education in newly or recently diagnosed diabetic patients has more favorable clinical outcomes, as compared to the outcomes of patients with a longer duration of diabetes prior to education. Lifestyle modifications are an essential component of diabetes management. Diabetic education should help diabetic patients maintain their lifestyle modifications; however, diabetes burn-out or diabetes-related stress influences their self-care behaviors. Therefore, diabetic patients with a long diabetic duration need special attention from health care providers and diabetes educators. It is important to consider psychological and emotional support for type 2 diabetic patients, especially those with longer diabetes duration or diabetic complications, to maximize the effectiveness of diabetes education.
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Study design and follow-up
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~a~Questionnaire for lifestyle behaviors, including dietary habits, physical activity, and frequency of self-monitoring of blood glucose using a five-point scale.
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Baseline characteristics between groups
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Values are presented as mean±standard deviation or numbers (%).

BMI, body mass index; OHA, oral hypoglycemic agent; HDL-C, high density lipoprotein cholesterol; A1C, glycated hemoglobin.
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Multiple logistic regression analysis of a mean A1C level higher than 7.0% (53 mmol/mol) during the follow-up period
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A1C, glycated hemoglobin; OR, odds ratio; CI, confidence interval; BMI, body mass index.
